Tendons are complex tissues whose mechanical behavior depends on their structural organization and biochemical composition, as well as on their location and function within the body. Evaluating different tendons based on these factors in a targeted manner may help to elucidate differences important in understanding varying functional behaviors of specific tendons. These results have implications for designing tendon specific treatment modalities or replacement strategies. Previous studies have evaluated the effect of decorin, the predominant proteoglycan (PG) in tendon, in tail tendons through the use of knockout mice [1]. Further studies have evaluated properties of different tendons subjected to a range of treatments in varying animal models [e.g., 2]. However, no previous research has evaluated and explicitly compared the mechanical behavior of multiple tendons from decorin and biglycan knockout mice. Therefore, the objective of this study is to rigorously measure the elastic and viscoelastic mechanical properties of tail tendon fascicles, the patellar tendon (PT), and the flexor digitorum longus (FDL) tendons in these mice. We hypothesized that the absence of decorin would primarily adversely affect the viscoelastic properties of the tail tendon fascicles and FDL tendons and the absence of biglycan would primarily adversely affect the viscoelastic properties of the PT. This was expected based on differing functions of these three tendons.
. Three groups of mice were used: normal control (CTL), decorin knockout (DKO) [3] , and biglycan knockout (BKO) [4] .
Tail Tendon Fascicles: 5-7 fascicles from the left ventral tail tendons from each mouse (n=5 mice per group) were prepared and crosssectional area measured as described [5] . Fascicles were preloaded to a stress of 0.7 MPa then subjected to incremental stress relaxation steps to failure [6] . Each step consisted of a tensile displacement of 0.5% strain at 0.5%/s followed by a 10 minute relaxation. In another set of mice (n=5 per group), 5-7 fascicles per animal were subjected to a ramp to failure at the rate of 0.5%/s. Strain was measured optically [5] .
Patellar and FDL tendons: PT and FDL tendons were dissected from the left hind limb of each mouse (n=7 -9 mice per group) and thickness and width were measured as described [7] . Tendons were placed in custom grips and, following preconditioning, subjected to a stress-relaxation test to 5.0% strain at 25%/s followed by 10 minute relaxation. A ramp to failure at 0.1%/s was then performed. Strain was measured optically [8] .
Data was analyzed comparing all three mouse groups within each tendon type using one-way ANOVA followed by Fishers test with significance set at p<0.05.
Results: Tail tendon fascicles, PT, and FDL tendons all exhibited significant stress relaxation and non-linear behavior. Surprisingly, in the three properties of maximum stress, modulus, and percent relaxation, there were no significant differences in fascicles between the groups. In the PT, the decorin knockout group had a significantly higher modulus (p=0.006) and percent relaxation (p=0.006) than controls ( Fig. 1,2 ). The biglycan knockout group exhibited a trend towards a larger percent relaxation (p=0.08). Among the FDL tendons, the biglycan knockout mice had significantly different properties than the other two groups. Maximum stress and modulus were both lower in the biglycan knockout group compared to control and decorin knockout (p<0.02, Fig. 1,3) . Percent relaxation exhibited a trend towards being higher in the biglycan knockout mice than the other two groups (p=0.09, Fig.2 ).
Discussion: Due to the proposed role of decorin and biglycan in tendon mechanical function, this study investigated how the absence of each of these PGs affected tendon mechanical properties. This effect was studied in three distinct tendon tissues. Interestingly, loss of decorin or biglycan influenced mechanical properties differently in each tissue type.
In the properties reported here, the PG knockouts had no effect on tail tendon fascicles, but a significant effect on patellar and FDL tendons. The lack of an effect at the fascicle level may indicate that at this hierarchical level (one level below the whole tendon) and in a relatively unloaded tendon, PGs may not dominate the properties measured.
Contrary to our hypotheses, mechanical properties were not significantly altered in the patellar tendons due to the loss of biglycan. Conversely, FDL tendon mechanical properties were significantly altered by the loss of biglycan and not decorin. This suggests that the compositionfunction relationships in these tendons, coupled with compensatory mechanisms that may be present in these knockout mice, are more complex than simple relationships of PG type to tensile properties. Another consideration is that only tensile tests were performed. If these tendons were tested in compression or shear, the influence of the absence of biglycan might have been more pronounced.
In the patellar and FDL tendons, the loss of decorin and biglycan, respectively, altered the tendon moduli and caused increased stress relaxation. The moduli variations could be due to altered ultrastructural arrangement from the PG loss. In the case of the FDL tendon, the lower modulus compared to control and decorin knockout could be due to a loss of force transfer in these tendons. The increased relaxation in both tendons is expected based on the proposed role of PG in interacting with the fluid phase of tendon to maintain hydrostatic pressure. With PG loss, more fluid is free to flow from the tendon, causing a loss of hydrostatic pressure and an increase in relaxation. This effect has been observed with other PGs in cartilage and intervertebral disk [e.g., 9] .
This study showed that tendons likely are uniquely tailored to their specific location and function. Even within the same animal, alterations of tendon components have a much different effect on the function of tendons at different locations. These variances need to be further investigated and taken into account when designing therapies or replacements for any one particular tendon. Ongoing investigations include complete ultrastructural and biochemical analysis of these tissues to further investigate the mechanisms through which the differences identified may occur. Modeling approaches are also being used to further evaluate the changes in mechanics of these tissues due to prescribed loss of key components. 
